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Description

[0001] The present invention relates to a proton ex-
change membrane (PEM) fuel cell, and more particularly,
to a method for preparing a slurry for forming a catalyst
layer of a PEM fuel cell electrode having an improved
processing stability and power output characteristics, a
method for fabricating membrane/electrode assembly
(MEA) for the PEM fuel cell and a PEM fuel cell produced
by the MEA fabricating method.

[0002] A proton exchange membrane (PEM) fuel cell
is a potential clean energy source which can replace fos-
sil fuels and has a high current density and energy con-
version capability. Also, the PEM fuel cell is operable at
room temperature and can be miniaturized and hermet-
ically fabricated, and thus are widely applicable in such
fields as pollution-free automobile industry, home-use
power generation systems, mobile communications
equipments, medical devices, military equipments, aer-
ospace equipments and the like.

[0003] A PEM fuel cell is a power generation system
for producing direct current electricity by an electrochem-
ical reaction between hydrogen and oxygen, and the ba-
sic structure thereof is shown in FIG. 1. In FIG. 1, a gen-
eral PEM fuel cell is constructed such that a proton ex-
change membrane 13 is interposed between an anode
11 and a cathode 12. A PEM 13 is 50 to 200 um thick
and is formed of a solid polymer electrolyte. In the PEM
fuel cell, the anode 11 and the cathode 12 both have a
backing layer (not shown) for supplying fuel gases and
a catalyst layer where oxidation/reduction reaction of
gaseous fuels takes place.

[0004] The oxidation/reduction reactions taking place
at the PEM fuel cell are represented by the Equations (1)
and (2).

[0005] That is to say, the oxidation reaction as repre-
sented by the Equation (1) takes place at the anode 11
of the gas diffusion electrode so that hydrogen molecules
are converted into protons and electrons. The protons
are transferred to the cathode 12 via the PEM 13. At the
cathode 12, the reduction reaction as represented by the
Equation (2) takes place, so that oxygen molecules re-
ceive electrons to be converted into oxygen ions, which
are then reacted with protons produced from the anode
11 to then be converted into water molecules.

[Equation 1] 2H, - 4H* +
4e-

[Equation 2] O, + 4de*
202

202 + 4H* - 2H,0
[0006] The catalyst layer is formed on a backing layer

in the gas diffusion electrode of the PEM fuel cell. The
backing layer is formed of a carbon cloth or a carbon
paper and its surface is treated with polytetrafluorethyl-
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ene (PTFE) so that reactant gases and water transferred
to the PEM and generated from the above reaction can
easily penetrate therethrough.

[0007] The catalyst layer is typically formed of plati-
nized carbon powder (Pt/C). Here, carbon serves to ex-
tend the reaction site of introduced fuels, and platinum
acts as a catalyst in the oxidation/reduction reaction of
the gaseous reactants, that is, hydrogen and oxygen.
[0008] Since the PEM fuel cell uses a solid polymer as
an electrolyte, the boundary between the electrode and
the electrolyte is two-dimensional, which reduces the cat-
alyst utilizing efficiency, compared to a liquid electrolyte.
Thus, itis necessary to make a three-dimensional bound-
ary between the electrode and the electrolyte.

[0009] Conventionally, in order to prepare a catalyst
layer of the gas diffusion electrode, powdered Pt/C is
used as amain componentand PTFE is used as a binder.
Here, since the oxidation/reduction reaction of agaseous
fuelinthe presence of a catalyst occurs only at the bound-
ary between the electrode and the electrolyte, the cata-
lyst utilizing efficiency is very low. Thus, to obtain a cur-
rentdensity of a practical level, a catalytic loading amount
must be increased to about 4 mg/cm?2. However, in this
case, dueto high costs, the thus-formed electrode is used
only for special purposes.

[0010] Toovercomethe above problems, as described
in U.S. Patent No. 4,876,115, for the purpose of limiting
catalyst loadings to less than 0.50 mg/cm2, a solution
containing a proton conducting material selected from
perfluorocarbon polymer commercially available from
E.l. DuPont under the trademark Nafion® and ruthenium
dioxide is coated on the electrode once or twice to form
a single or double layer formed of the proton conducting
material. However, in the PTFE-bonded electrode mainly
foruse in a phosphoric acid type fuel cells, alarge amount
of a binder such as PTFE, e.g., over 30 wt %, must be
used in order to prevent phosphoric acid used as a liquid
electrolyte from penerating into the electrode. Thus, Pt
in the catalyst layer may be covered by PTFE, which
lowers the catalyst utilizing efficiency. Also, since a suf-
ficient catalyst loading cannot be attained by performing
coating only once, the coating step must be repeated
twice as described above.

[0011] Also, U.S. Patent No. 5,234,777 discloses a
method for preparing a proton exchange membrane com-
prising the steps of preparing an ink-form of a mixture
containing Na* form-PFSI polymer by mixing Pt/C and
perfluorosulfonate ionomer (PFSI) and adding sodium
hydroxide solution thereto, forming a thin film by directly
coating the mixture on the surface of a solid polymer elec-
trolyte or on a plate-shaped releasable substrate, trans-
ferring the thin film to the surface of the solid polymer
electrolyte by a hot pressing method and curing the same.
However, this method requires a pre-treatment process
for converting the solid polymer electrolyte as the PEM
into a Na* form before performing the coating step. Also,
a protonating step for converting a Na*-form PFSI elec-
trode/Na*-form solid polymer electrolyte membrane



3 EP 0 955687 B1 4

composite film into a protonated PFSI must be performed
after performing the coating and curing steps. Therefore,
the process is complicated and the processing time is
long.

[0012] The Nafion solution commercially available
from E. |. DuPont contains a large amount of alcohol hav-
ing low specific gravity as well as a perfluorocarbon pol-
ymer as a main component and analogs thereof. Thus,
inthe course of fabricating a PEM fuel cell, alarge amount
of an alcohol solvent exists in the mixture for forming a
catalyst layer having a predetermined Nafion polymer
content, and easily penetrates into an electrode sub-
strate.

[0013] Therefore, a considerable amount of a Pt cat-
alyst penetratesinto an electrode support so thatit cannot
take partin an electrochemical reaction, thereby lowering
the Pt catalyst utilizing efficiency. Also, the viscosity of
the catalyst layer composition prepared by the conven-
tional method is less than 100 cp (centipoise). Itis difficult
to maintain a predetermined viscosity during the step of
coating the catalyst layer composition onto the electrode
support . Also, it is not possible to adopt a continuous
production system using a tape casting.

[0014] A technology suitable for resolving such prob-
lems has not been developed as of yet.

[0015] To solve the above problems, it is an objective
of the presentinvention to provide a method for preparing
a slurry for forming a catalyst layer for a proton exchange
membrane (PEM) fuel cell electrode with no problem aris-
ing due to alcohol remaining in the slurry.

[0016] It is another objective of the present invention
to provide a method for fabricating a PEM fuel cell having
a Pt loading in an electrode higher than 0.2 mg/cm?2 by
performing coating only once and capable of easily form-
ing a catalyst layer directly on an electrode support to
thus simplify the preparation process thereof, by using
the slurry for forming a catalyst layer for a PEM fuel cell.
[0017] Itis still another objective of the present inven-
tion to provide a PEM fuel cell prepared by the method.
[0018] Accordingly, to achieve the first objective, there
is provided a method for preparing a slurry for forming a
catalyst layer of a proton exchange membrane (PEM)
fuel cell comprising the steps of:

(a) adding an MOH solution to an alcohol-containing
perfluorosulfonate ionomer (PFSI) solution to con-
vert PFSI in the PFSI solution into an M* form-PFSI
solution, wherein M is an alkaline metal selected
from Li, Na and K;

(b) adding an organic polar solvent having a higher
boiling point than that of alcohol remaining in the
PFSI solution to a mixed solution obtained in step
(a) and heating the mixture at a temperature range
of the boiling point of the alcohol to 20° C higher than
the boiling point to remove the remaining alcohol to
obtain a pretreated PFSI solution; and

(c) mixing the pretreated PFSI solution with Pt/C to
form a slurry for forming a catalyst layer of a PEM
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fuel cell.

[0019] To achieve the second objective, there is pro-
vided a method for fabricating a proton exchange mem-
brane (PEM) fuel cell comprising the steps of:

(a) adding an MOH solution to an alcohol-containing
perfluorosulfonate ionomer (PFSI) solution to con-
vert PFSI in the PFSI solution into an M* form-PFSI
solution, wherein M is an alkaline metal selected
from Li, Na and K;

(b) adding an organic polar solvent having a higher
boiling point than that of alcohol remaining in the
PFSI solution to a mixed solution obtained in step
(a) and heating the mixture at a temperature range
of the boiling point of the alcohol to 20° C higher than
the boiling point to remove the remaining alcohol to
obtain a pretreated PFSI solution containing the or-
ganic polar solventin an amount of 80-98% by weight
based on the total weight of the pretreated PFSI so-
lution;

(c) mixing the pretreated PFSI solution with Pt/C to
form a slurry for forming a catalyst layer of a PEM
fuel cell;

(d) coating the slurry on one side of an electrode
backing layer;

(e) drying the resultant material obtained in step (d)
at a temperature less than or equal to a boiling point
of the organic polar solvent, impregnating in an acid
solution, washing and drying the resultant to form a
gas diffusion electrode having a catalyst layer de-
posited on the electrode backing layer; and

(f) interposing a PEM between an anode side and a
cathode side of the gas diffusion electrode to then
hot-press the same.

[0020] To achieve the third objective, there is provide
a PEM fuel cell fabricated by the above method.

[0021] The principles of the present invention lie in
modifying conventionally used perfluorocarbon polymer
by adding an organic solvent thereto, thereby solving a
problem arising due to alcohol remaining on the polymer,
improving processing performance by facilitating prepa-
ration of a high viscosity slurry and improving power char-
acteristics of the PEM fuel cell, in fabricating anodic and
cathodic electrochemical catalyst layers of the PEM fuel
cell. Also, according to the present invention, before
forming a MEA structure, the M* form-PFSlin the catalyst
layer is protonated in a gas diffusion electrode state in
which the catalyst layer is deposited on the backing layer,
thereby shortening the overall processing time due to a
reduced protonation time, compared to the conventional
thin film forming method.

[0022] The above objectives and advantages of the
present invention will become more apparent by describ-
ing in detail a preferred embodiment thereof with refer-
ence to the attached drawings in which:
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FIG. 1 is a cross section of a general PEM fuel cell;
FIG. 2 shows a sequence of steps of preparing a
PEM fuel cell according to an embodiment of the
present invention;

FIG. 3 graphically depicts power output characteris-
tics depending on the drying temperature of a slurry
coated on a gas diffusion electrode of a PEM fuel
cell according to one example of the present inven-
tion;

FIG. 4 graphically depicts power output characteris-
tics depending on the protonation time of a catalyst
layer coated on a gas diffusion electrode of a PEM
fuel cell according to one example of the present
invention;

FIG. 5 graphically depicts power output characteris-
tics depending on the content of Nafion (PFSI) con-
tained in the catalyst layer of a PEM fuel cell of the
present invention; and

FIG. 6 graphically depicts Pt loadings and power out-
put characteristics depending on the Pt loadings in
a PEM fuel cell prepared by the method according
to one example of the present invention and conven-
tional method.

[0023] The present invention is directed to a method
for preparing a slurry for forming a catalyst layer for a
PEM fuel cell electrode, wherein the method comprises
the steps of:

(a) adding an MOH solution to an alcohol-containing
perfluorosulfonate ionomer (PFSI) solution to con-
vert PFSI in the PFSI solution into an M* form-PFSI
solution, wherein M is an alkaline metal selected
from the group consisting of Li, Na and K;

(b) adding an organic polar solvent having a higher
boiling point than that of alcohol remaining in the
PFSI solution to a mixed solution obtained in step
(a) and heating the mixture at a temperature range
of the boiling point of the alcohol to 20° C higher than
the boiling point to remove the remaining alcohol to
obtain a pretreated PFSI solution; and

(c) mixing the pretreated PFSI solution with Pt/C to
form a slurry for forming a catalyst layer of a PEM
fuel cell.

[0024] The organic polar solvent in the step (b) is not
specifically restricted, only if the its boiling point is higher
than that of the remaining alcohol in the PFSI solution.
The preferred example of the organic polar solvent in-
cludes dimethyl sulfoxide, N,N-dimethyl formamide and
ethylene glycol.

[0025] According to the slurry forming method of the
present invention, remaining alcohol in a PFSI solution
is removed and replaced with an organic polar solvent,
which results in a highly viscous slurry for a catalyst layer.
Further, the organic polar solvent can not penetrate into
a waterproof electrode support, so that the viscosity of
the slurry is constantly maintained during coating, which
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enables continuous preparation process by a tape cast-
ing method.

[0026] Another aspect of the present invention is di-
rected to a method for fabricating a proton exchange
membrane (PEM) fuel cell, wherein the method compris-
es the steps of:

(a) adding an MOH solution to an alcohol-containing
perfluorosulfonate ionomer (PFSI) solution to con-
vert PFSI in the PFSI solution into an M* form-PFSI
solution, wherein M is an alkaline metal selected
from the group consisting of Li, Na and K;

(b) adding an organic polar solvent having a higher
boiling point than that of alcohol remaining in the
PFSI solution to a mixed solution obtained in step
(a) and heating the mixture at a temperature range
of the boiling point of the alcohol to 20° C higher than
the boiling point to remove the remaining alcohol
containing the organic polar solvent in an amount of
80-98% by weight based on the total weight of the
pretreated solution PFSI solution to obtain a pretreat-
ed PFSI solution;

(c) mixing the pretreated PFSI solution with Pt/C to
form a slurry for forming a catalyst layer of a PEM
fuel cell;

(d) coating the slurry on one side of an electrode
backing layer;

(e) drying the resultant material obtained in step (d)
at a temperature less than or equal to a boiling point
of the organic polar solvent, impregnating in an acid
solution, washing and drying the resultant to form a
gas diffusion electrode having a catalyst layer de-
posited on the electrode backing layer; and

(f) interposing a PEM between an anode side and a
cathode side of the gas diffusion electrode to then
hot-press the same.

[0027] The organic polar solvent in step (b) may be
selected from the group consisting of dimethyl sulfoxide,
N,N-dimethyl formamide and ethylene glycol.

[0028] Preferably, the amount of the organic polar sol-
vent added is in the range of 80-98 % by weight based
on the total weight of the pretreated PFSI solution ob-
tained in step (b).

[0029] The amount of the pretreated PFSI solution
added in step (c) is preferably controlled such that the
content of the PFSI polymer is in the range of 15-35 %
by weight based on the total solid weight of the slurry for
forming the catalyst layer.

[0030] In step (c), the slurry for the catalyst layer is
formed by Pt/C and the pretreated PFSI solution obtained
in step (b) without using PTFE which is conventionally
used as a binder, which prevents the phenomenon that
the catalyst utilizing efficiency is decreased by the Pt/C
catalyst of which the surface is covered with PTFE.
[0031] The slurry obtained in step (c) has a viscosity
of 1000cp or more, which is advantageous in adopting a
tape casting method as the coating method in step (d).
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[0032] The electrode backing layer in step (c) may be
either waterproof carbon paper or carbon cloth.

[0033] Thecoating methodin step (d) includes a doctor
blade method, a spray method, a screen printing method
and a brushing method.

[0034] The acidic solution in step (e) is not specifically
restricted but any solution serving to allow the catalyst
layer in the electrode to have proton conductivity can be
adopted. Preferably, the concentration of the acidic so-
lution is 1 mole or less.

[0035] The hot-pressing in step (f) is performed in the
range of 100-135° C.

[0036] The presentinvention also includes a PEM fuel
cell fabricated by the above method.

[0037] In accordance with the method of the present
invention, in fabricating an electrochemical catalyst layer
of an anode and cathode of a PEM fuel cell, a conven-
tional perfluorocarbon polymer containing solution (ex:
PFSI solution) a problem caused by an alcohol remaining
in the slurry is modified by adding an organic polar sol-
vent. By such a modification of the PFSI solution, a prob-
lem caused by alcohol remaining in the non-modified PF-
Sl solution is solved, and a highly viscous slurry can be
easily prepared, thereby improving processing perform-
ance and power output characteristics of the PEM fuel
cell. Further, before forming a MEA structure, the M*
form-PFSI in the catalyst layer is protonated in a gas
diffusion electrode state in which the catalyst layer is de-
posited on the backing layer, thereby shortening the over-
all processing time due to a reduced protonation time,
compared to the conventional method in which protona-
tion is performed after forming a MEA structure.

[0038] Hereinafter, a method for preparing a PEM fuel
cell according to the present invention will be described
in more detail.

[0039] FIG. 2 shows a sequence of steps of preparing
a PEM fuel cell according to an embodiment of the
present invention

[0040] First, sodium hydroxide (NaOH) solution is add-
ed to PFSI solution typically used as a perfluorocarbon
polymer inthe same equivalentratio and mixed to convert
PFSI in the solution into a Na + form.

[0041] Here, instead of NaOH, lithium hydroxide (Li-
OH) or potassium hydroxide (KOH) may be used to con-
vert the PFSl into Li + or K + form. The concentration of
the commercially available PFSI solution is generally 5
% by weight and the remaining components of the solu-
tion includes a mixture of water and alcohol. The alcohol
impedes formation of a viscous slurry for coating of a
catalystlayer ofthe electrode and generates harmful gas-
es.

[0042] Anorganic polar solvent having a higher boiling
point than that of the alcohol remaining in the PFSI so-
lution is added to the above mixed solution and heated
to a temperature range of the boiling point of the alcohol
to 20° C higher than the boiling point to remove the re-
maining alcohol and to form pretreated PFSI solution.
Here, the added amount of the PFSI solution is controlled
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such that the content of the organic polar solvent is in
the range of 80 to 98% by weight based on the pretreated
PFESI solution.

[0043] As the organic polar solvent, at least one sol-
vent selected from the group consisting of dimethy! sul-
foxide, N,N-dimethyl formamide and ethylene glycol is
used. The remaining alcohol components are removed
using such an organic solvent, thereby improving
processing stability and easily preparing a slurry having
a high viscosity. Subsequently, Pt/C is added to the pre-
treated PFSI solution and mixed. Here, the added
amount of the pretreated PFSI solution is controlled such
that the content of the PFSI polymer is in the range of 15
to 35 % by weight based on the total solid weight of the
slurry for forming a catalyst layer, thereby forming a slur-
ry. The viscosity of the slurry is greater than 1000 cp
(centipoise). Then, the slurry mixture is coated on one
side of a backing layer to form a gas diffusion electrode.
[0044] As the backing layer, a material typically used
as a backing layer of an electrode in a PEM fuel cell, e.g.,
wet-proof carbon paper or teflonized carbon loaded car-
bon cloth, is used. As the coating method, a doctor blade
method, a spray method, a screen printing method or a
brushing method may be employed. Then, the resultant
material is dried at a temperature lower than a boiling
point of the organic polar solvent, impregnated in an acid-
ic solution, cleaned and dried to form gas diffusion elec-
trodes, thatis, an anode and a cathode, having a catalyst
layer deposited on the backing layer. The treatment with
the acidic solution is for endowing the catalyst layer with
hydrogen ion conductivity and any compound suitable
for this purpose can be used. Finally,a PEM is interposed
between the anode and the cathode and hot pressing is
performed on the resultant structure at a temperature of
100to 135° C, thereby completing the PEM fuel cell hav-
ing the PEM between gas diffusion electrodes.

[0045] According to the presentinvention, a Pt loading
in the catalyst layer of the electrode greater than 0.2
mg/cm?2 can be achieved by performing coating once.
Also, since the PFSI replaced by a less volatile organic
solvent is used, harmful gases are hardly generated and
the viscous slurry can be easily prepared. Further, since
protonation is performed in the gas diffusion electrode
state in which the catalyst layer is deposited on the back-
ing layer, the processing time is shorter than that in the
conventional art in which protonation is performed after
forming the electrode/electrolyte assembly.

[0046] Now, the present invention will be described in
more detail with reference to a preferred embodiment but
the invention is not limited thereto.

< Example >

[0047] To 10 g of a perfluorosulfonate solution (5% by
weight, Aldrich Chemical. Company, Inc), aqueous
NaOH solution was added in the same equivalent ratio
and stirred at room temperature for one night to convert
the PFSI in the solution to a Na + form. 9.5 g of ethylene



9 EP 0 955 687 B1 10

glycol was added to the thus-mixed solution and heated
in an oven or an oil bath at approximately 85° C for 12
hours to remove alcohol components remaining in the
mixed solution. Pt/C (20 % Pt by weight, available from
E-Tek Inc. under the trademark of Vulcan XC72R) was
mixed in a weight ratio of 1:2, based on the weight of the
PFSI in the mixed solution, and uniformly mixed using a
mixer such as a ball mill to obtain a mixture in the form
of a slurry. Here, the viscosity of the slurry was 3000 cp.
[0048] The slurry mixture was coated on the backing
layer using a carbon paper available from E-Tek Inc.,
which was waterproofed with 20 wt % tetrafluoroethyl-
ene-hexafluoropropylene copolymer available from E.I.
DuPont under the trademark of Teflon 120 as an elec-
trode backing layer. The slurry-coated electrode was
placed into an oven and dried for about 1 hour. Here, the
Pt loading was about 0.2 mg/cmZ2.

[0049] Subsequently, in order to endow the electrode
catalyst layer with hydrogen ion conductivity, the elec-
trode catalyst layer was immersed in 0.1 M H,SO, solu-
tion maintained at a temperature of about 60° C to be
protonated . In order to remove the remaining acidic so-
lution, the resultant electrode was cleaned using distilled
water and dried in an oven maintained at about 85° C for
10 minutes, thereby completing a coating step for forming
the electrode catalyst layer.

[0050] The PEM (Nafion 117 available from E.l. Du-
Pont) and the electrode were cut for an effective reaction
area of the electrode to be 5X5 cm? and then the elec-
trodes and the PEM were deposited such that the elec-
trode catalyst layer faces the PEM to obtain an elec-
trode/PEM/electrode  structure, which was then
hot-pressed at 125° C for 3 minutes, thereby fabricating
an MEA. The MEA was mounted on a single cell, the cell
was heated at 75° C and hydrogen/oxygen or air are
heated at 95° C/90° C to be supplied to the cell, with the
pressure being maintained at atmospheric pressure.
Here, hydrogen and oxygen were supplied to the cell in
humidified states.

[0051] FIG. 3 shows the result of power output char-
acteristics of a membrane electrode assembly (MEA)
fabricated while varying drying temperatures after coat-
ing the catalyst layer on the backing layer. As shown in
FIG. 3, power output characteristics are maintained at a
preferable range at drying temperatures in the range of
140-180° C which is defined as a preferable drying tem-
perature range in the above.

[0052] FIG. 4 shows power output characteristics of
the MEA fabricated while varying the treatment time in a
0.1 M H,SO, solution in the electrode/catalyst layer state
before depositing the PEM, in order to investigate an ap-
propriate protonation time. As shown in FIG. 4, in the
present invention, protonation is performed in the gas
diffusion electrode state so that the Nafion polymer in the
electrode catalyst layer can be sufficiently protonated for
a relatively short time, i.e., 5-30 minutes, unlike the con-
ventional protonation time of the electrode/electrolyte as-
sembly, which is at least 1 hour.

10

15

20

25

30

35

40

45

50

55

[0053] FIG. 5 graphically depicts power output char-
acteristics depending on the content of Nafion (PFSI)
contained in the catalyst layer of the PEM fuel cell ac-
cording to the example. FIG. 5 shows that power output
characteristics are preferable when the content of Nafion
contained in the catalyst layer is 15-35 wt %, particularly
25 wt %.

[0054] FIG. 6 graphically depicts Pt loadings and pow-
er output characteristics depending on the Pt loadings in
a PEM fuel cell prepared by the method according to the
example and conventional method, that is, the case when
Nafion is used as a binder in forming PEM fuel cell elec-
trode (the example of the present invention) and the case
when the conventional PTFE is used as a binder in form-
ing PEM fuel cell electrode (comparative example).

<Comparative Example>

[0055] 8 cc of a petroleum-series organic solvent
(available from Shell Oil Company under the trademark
of Shell Sol) as a dispersion agent was added to 1 g of
Pt/C (available from E-Tek Dynamics, Inc. under the
trademark of Vulcan XC72R) in which 20 wt % of Pt par-
ticles are coated on carbon black, and then ball milling
was performed to obtain a uniform mixture. Subsequent-
ly, based on the total solid weight of the slurry of the
catalyst layer (that is, the total weight of the catalyst to
be formed after drying), 15 wt % of a PTFE dispersion
was added to the uniform mixture and mixed. Then, 1.5
g of dibutyl phthalate and 1.5 g of corn oil were sequen-
tially added to the resultant mixture and mixed to prepare
a slurry.

[0056] The slurry was coated on a carbon paper
(TGPH 090, Toray) and tape-casted using a doctor blade,
andthendried in avacuum oven at220° C for 30 minutes.
Then, the resultant material was sintered at 370° C for
30 minutes, to fabricate the gas diffusion electrode hav-
ing the catalyst layer coated on the backing layer. Sub-
sequently, 5 wt % of Nafion polymer electrolytic liquid
(available from Aldrichi Chemical Inc. under the trade-
mark of Nafion) was coated on the surface of the catalyst
layer of the gas diffusion electrode. This is for forming a
continuous Nafion film on the Pt catalyst by impregnating
the Nafion polymer electrolytic liquid on the surface at
which it is assembled with the PEM for the purpose of
forming athree-dimensional interface between the Pt cat-
alyst and the Nafion polymer electrolytic liquid. Then, the
electrode catalyst layer was superimposed over both
sides of the Nafion 117 PEM and hot-pressed at 130° C
at a pressure of about 80 atm, thereby fabricating a cat-
alyst/PEM/catalyst assembly. Subsequently, a backing
layer was coupled to both sides of the assembly, thereby
completing a unit cell of the PEM fuel cell. Here, as the
backing layer, waterproofed carbon paper was used.
[0057] The power output characteristics of the
thus-fabricated PEM fuel cell were measured and the
results are shown in FIG. 6, in which 0.2 mg/cm2 and 0.4
mg/cm? of Pt were used.
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[0058] It can be understood from FIG. 6 that even with
half the Pt loading, the power output characteristics ac-
cording to the present invention (the above example)
were the same as those according to the conventional
method.

[0059] As described above, according to the present
invention, a less volatile organic polar solvent is added
to a proton conducting polymer containing solution as a
component of a catalyst layer to completely remove al-
cohol components remaining in the solution, thereby
maintaining a constant viscosity of a slurry during an elec-
trode coating step. Thus, a continuous production proc-
ess is possible by tape casting. Also, since a constant
level of a Pt loading can be achieved by a single coating
step by preventing a Pt catalyst from penetrating into an
electrode support, the electrode characteristics are im-
proved.

Claims

1. Amethod for preparing a slurry for forming a catalyst
layer of a proton exchange membrane (PEM) fuel
cell comprising the steps of:

(a) adding an MOH solution to an alcohol-con-
taining perfluorosulfonate ionomer (PFSI) solu-
tion to convert PFSI in the PFSI solution into an
M+ form-PFSI solution, wherein M is an alkaline
metal selected from Li, Na and K;

(b) adding an organic polar solvent having a
higher boiling point than that of alcohol remain-
ing in the PFSI solution to a mixed solution ob-
tained in step (a) and heating the mixture at a
temperature range of the boiling point of the al-
cohol to 20° C higher than the boiling point to
remove the remaining alcohol to obtain a pre-
treated PFSI solution containing the organic po-
lar solvent in an amount of 80-98 % by weight
based on the total weight of the pretreated PFSI
solution; and

(c) mixing the pretreated PFSI solution with Pt/C
to form a slurry for forming a catalyst layer of a
PEM fuel cell.

2. The method according to claim 1, wherein the or-
ganic polar solvent in step (b) is selected from dime-
thyl sulfoxide, N,N-dimethyl formamide and ethylene

glycol.
3. The method according to claim 1 or 2, wherein the
viscosity of the slurry obtained in step (c) is greater

than 1000 cp (centipoise).

4. A method for fabricating a proton exchange mem-
brane (PEM) fuel cell comprising the steps of:

(a) adding an MOH solution to an alcohol-con-
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taining perfluorosulfonate ionomer (PFSI) solu-
tion to convert PFSI in the PFSI solution into an
M* form-PFSI solution, wherein M is an alkaline
metal selected from Li, Na and K;

(b) adding an organic polar solvent having a
higher boiling point than that of alcohol remain-
ing in the PFSI solution to a mixed solution ob-
tained in step (a) and heating the mixture at a
temperature range of the boiling point of the al-
cohol to 20° C higher than the boiling point to
remove the remaining alcohol to obtain a pre-
treated PFSI solution containing the organic po-
lar solvent in an amount of 80-98 % by weight
based on the total weight of the pretreated PFSI
solution;

(c) mixing the pretreated PFSI solution with Pt/C
to form a slurry for forming a catalyst layer of a
PEM fuel cell;

(d) coating the slurry on one side of an electrode
backing layer;

(e) drying the resultant material obtained in step
(d) at a temperature less than or equal to a boil-
ing point of the organic polar solvent, impreg-
nating in an acid solution, washing and drying
the resultant to form a gas diffusion electrode
having a catalyst layer deposited on the elec-
trode backing layer; and

(f) interposing a PEM between an anode side
and a cathode side of the gas diffusion electrode
to then hot-press the same.

5. The method according to claim 4, wherein the or-
ganic polar solventin step (b) is selected from dime-
thyl sulfoxide, N,N-dimethyl formamide and ethylene

glycol.

6. The method according to claims 4 or 5, wherein the
viscosity of the slurry obtained in step (c) is greater
than 1000 cp (centipoise).

7. The method according to any of claims 4 to 6, where-
in the amount of the pretreated PFSI solution added
in step (c) is controlled such that the content of the
PFSI polymer is in the range of 15-35 % by weight
based on the total solid weight of the slurry for form-
ing the catalyst layer.

8. Themethod according to any of claims 4to 7, where-
in the electrode backing layer in step (d) is either
wet-proof carbon paper or teflonized carbon loaded
carbon cloth.

9. The method according to any of claims 4 to 8, where-
in the coating performed in step (d) includes a doctor
blade method, a spray method, a screen printing
method and a brushing method.

10. The method according to any of claims 4to 9, where-
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in the drying temperature in step (e) is in the range
of 140-180° C.

The method according to any of claims 4 to 10,
wherein the hot-pressing in step (f) is performed in
the range of 100-135°C.

Patentanspriiche

1.

Verfahren zur Herstellung einer Suspension zur
Ausbildung einer Katalysatorschicht einer Protonen-
austauschermembran-Brennstoffzelle
(PEM-Brennstoffzelle) umfassend die Schritte:

(a) Hinzugeben einer MOH-L8sung zu einer Al-
kohol enthaltenden Perfluorsulfonationomerlo-
sung (PFSI) zur Umwandlung von PFSI in der
PFSI-Lésung in eine M*-Form-PFSI-Lésung,
worin M ein Alkalimetall ausgewahlt aus Li, Na
und K ist;

(b) Hinzugeben eines polaren organischen L6-
semittels mit einem héheren Siedepunkt als der
desin der PFSI-L6sung verbleibenden Alkohols
zu einer in Schritt (a) erhaltenen Mischlésung
und Erwarmen der Mischung in einem Tempe-
raturbereich des Siedepunkts des Alkohols auf
20 °C hoher als der Siedepunkt, um den restli-
chen Alkohol zu entfernen und eine vorbehan-
delte PFSI-L6sung zu erhalten, die das polare
organische Lésemittel in einer Menge von 80-98
Gew.-%, bezogen auf das Gesamtgewicht der
vorbehandelten PFSI-Lsung enthalt; und

(c) Vermischen der vorbehandelten PFSI-L6-
sung mit Pt/C, um eine Suspension zum Ausbil-
den einer Katalysatorschicht einer PEM-Brenn-
stoffzelle zu bilden.

Verfahren nach Anspruch 1, worin das polare orga-
nische Lésemittel in Schritt (b) ausgewéhlt wird aus
Dimethylsulfoxid, N,N-Dimethylformamid und Ethy-
lenglykol.

Verfahren nach Anspruch 1 oder 2, worin die Visko-
sitat der in Schritt (c) erhaltenen Suspension mehr
als 1000 cp (Centipoise) betragt.

Verfahren zur Herstellung einer Protonenaustau-
schermembran-Brennstoffzelle (PEM-Brennstoff-
zelle) umfassend die Schritte:

(a) Hinzugeben einer MOH-L8sung zu einer Al-
kohol enthaltenden Perfluorsulfonationomerld-
sung (PFSI) zur Umwandlung von PFSI in der
PFSI-Lésung in eine M*-Form-PFSI-Ldsung,
worin M ein Alkalimetall ausgewahlt aus Li, Na
und K ist;

(b) Hinzugeben eines polaren organischen L6-
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semittels mit einem hdheren Siedepunkt als der
desinder PFSI-L&sung verbleibenden Alkohols
zu einer in Schritt (a) erhaltenen Mischlésung
und Erwarmen der Mischung in einem Tempe-
raturbereich des Siedepunkts des Alkohols auf
20 °C hoher als der Siedepunkt, um den restli-
chen Alkohol zu entfernen und eine vorbehan-
delte PFSI-Ldsung zu erhalten, die das polare
organische Lésemittel in einer Menge von 80-98
Gew.%, bezogen auf das Gesamtgewicht der
vorbehandelten PFSI-Losung enthalt;

(c) Vermischen der vorbehandelten PFSI-L6-
sung mit Pt/C, um eine Suspension zum Ausbil-
den einer Katalysatorschicht einer PEM-Brenn-
stoffzelle zu bilden

(d) Beschichten mit der Suspension auf einer
Seite einer Elektrodenriickenschicht;

(e) Trocknen des in Schritt (d) erhaltenen Mate-
rials bei einer Temperatur unter oder gleich ei-
nem Siedepunkt des polaren organischen L&-
semittels, Impragnieren in einer sauren Losung,
Waschen und Trocknen des Erhaltenen, um ei-
ne Gasdiffusionselektrode mit einer auf der
Elektrodenriickenschicht abgeschiedenen Ka-
talysatorschicht zu bilden; und

(f) Einsetzen einer PEM zwischen eine Anoden-
seite und eine Kathodenseite der Gasdiffusions-
elektrode und dann Heil3pressen derselben.

Verfahren nach Anspruch 4, worin das polare orga-
nische Lésemittel in Schritt (b) ausgewahlt wird aus
Dimethylsulfoxid, N,N-Dimethylformamid und Ethy-
lenglykol.

Verfahren nach Anspruch 4 oder 5, worin die Visko-
sitat der in Schritt (c) erhaltenen Suspension mehr
als 1000 cp (Centipoise) betragt.

Verfahren nach einem der Anspriiche 4 bis 6, worin
die Menge an in Schritt (c) hinzugegebener vorbe-
handelter PFSI-Losung so ausgewahlt ist, dass der
Gehaltan PFSI-Polymerim Bereich von 15-35 Gew.-
%, bezogen auf das Gesamtfeststoffgewicht der
Suspension zur Ausbildung der Katalysatorschicht
betragt.

Verfahren nach einem der Anspriiche 4 bis 7, worin
die Elektrodenriickenschicht in Schritt (d) entweder
wasserfestes Kohlenstoffpapier oder mit Teflon be-
handeltes mit Kohlenstoff beladenes Kohlenstoff-
tuch ist.

Verfahren nach einem der Anspriiche 4 bis 8, worin
die in Schritt (d) durchgefihrte Beschichtung ein Ra-
kelverfahren, ein Spruhverfahren, ein Siebdruckver-
fahren und ein Aufstreichverfahren umfasst.

10. Verfahren nach einem der Anspriiche 4 bis 9, worin
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die Trocknungstemperatur in Schritt (e) im Bereich
von 140-180 °C liegt.

11. Verfahren nach einem der Anspriiche 4 bis 10, worin

das Heil3pressen in Schritt (f) im Bereich von
100-135 °C durchgefiihrt wird.

Revendications

Procédé de préparation d'une bouillie pour former
une couche catalytique d’'une pile a combustible a
membrane échangeuse de protons (PEM) compre-
nant les étapes consistant a:

(a) ajouter une solution de MOH a une solution
d’ionomere de perfluorosulfonate (PFSI) conte-
nant de I'alcool pour convertir le PFSI contenu
dans la solution de PFSI en une solution M* for-
me-PFSI, dans laquelle M est un métal alcalin
sélectionné entre Li, Na et K ;

(b) ajouter un solvant polaire organique ayant
un point d’ébullition plus élevé que celui de I'al-
cool restant dans la solution de PFSI & une so-
lution mixte obtenue dans I'étape (a) et chauffer
le mélange a une plage de température compri-
se entre le point d’ébullition de I'alcool et 20°C
au-dessus du point d’ébullition pour enlever I'al-
cool restant et obtenir une solution de PFSI pré-
traitée contenant le solvant polaire organique a
raison de 80-98% en poids sur la base du poids
total de la solution de PFSI prétraitée ; et

(c) mélanger la solution de PFSI prétraitée avec
du Pt/C pour former une bouillie afin de former
une couche catalytique d’une pile a combustible
a PEM.

Le procédé selon la revendication 1, dans lequel le
solvant polaire organique de I'étape (b) est sélec-
tionné entre le diméthylsulfoxyde, le N,N-diméthyl-
formamide et I'éthyléne glycol.

Le procédé selonlarevendication 1 ou 2, dans lequel
la viscosité de la bouillie obtenue a I'étape (c) est
supérieure a 1000 cp (centipoises).

Procédé de fabrication d’une pile a combustible a
membrane échangeuse de protons (PEM) compre-
nant les étapes consistant a :

(a) ajouter une solution de MOH a une solution
d’ionomeére de perfluorosulfonate (PFSI) conte-
nant de I'alcool pour convertir le PFSI contenu
dans la solution de PFSI en une solution M* for-
me-PFSI, dans laquelle M est un métal alcalin
choisi entre LI, Na et K ;

(b) ajouter un solvant polaire organique ayant
un point d’ébullition plus élevé que celui de I'al-
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10.

cool restant dans la solution de PFSI a une so-
lution mixte obtenue dans I'étape (a) et chauffer
le mélange a une plage de température compri-
se entre le point d’ébullition de I'alcool et 20°C
au-dessus du point d’ébullition pour enlever I'al-
cool restant et obtenir une solution de PFSI pré-
traitée contenant le solvant polaire organique a
raison de 80-98% en poids sur la base du poids
total de la solution de PFSI prétraitée ;

(c) mélanger la solution de PFSI prétraitée avec
du Pt/C pour former une bouillie afin de former
une couche catalytique d’une pile a combustible
aPEM;

(d) enduire de la bouillie un cété d’'une couche
de support d’électrode ;

(e) sécher le matériau résultant obtenu a I'étape
(d) & une température égale ou inférieure au
point d'ébullition du solvant polaire organique,
l'imprégner d’une solution acide, laver et sécher
le résultat pour former une électrode a diffusion
de gaz ayant une couche catalytique déposée
sur la couche de support d’électrode ; et

(f) interposer une membrane PEM entre un coté
anode et un c6té cathode de I'électrode a diffu-
sion de gaz puis les presser a chaud.

Le procédé selon la revendication 4, dans lequel le
solvant polaire organique de I'étape (b) est sélec-
tionné entre le diméthylsulfoxyde, le N,N-diméthyI-
formamide et I'éthyléne glycol.

Le procédé selon les revendications 4 ou 5, dans
lequel la viscosité de la bouillie obtenue a I'étape (c)
est supérieure a 1000 cp (centipoises).

Le procédé selon I'une quelconque des revendica-
tions 4 a 6, dans lequel la quantité de solution de
PFSI prétraitée ajoutée dans I'étape (c) est controlée
de telle sorte que la teneur en polymére PFSI est
dans la plage de 15-35% en poids sur la base du
poids de solides total de la bouillie pour former la
couche catalytique.

Le procédé selon I'une quelconque des revendica-
tions 4 a 7, dans lequel la couche de support d’élec-
trode de I'étape (d) est soit du papier carbone a
I'épreuve de I'humidité, soit de la fibre de carbone
chargée de carbone téflonisé.

Le procédé selon I'une quelconque des revendica-
tions 4 a8, danslequell’enduction effectuée al'étape
(d) comprend une méthode a la racle, une méthode
par pulvérisation, une méthode par sérigraphie et
une méthode a la brosse.

Le procédé selon I'une quelconque des revendica-
tions 4 a 9, dans lequel la température de séchage
de 'étape (e) est dans la plage de 140-180°C.



17 EP 0 955687 B1

11. Le procédé selon I'une quelconque des revendica-
tions 4 a 10, dans lequel la pression & chaud de
I'étape (f) est effectuée dans la plage de 100-135°C.
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FIG. 2
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FIG. 3
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